In certain organs the removal of a fraction of the total organ mass is followed by an increase in the weight of the part that is left. This increase may be regarded as a special form of growth, since it is not due to an accumulation of water or of fat but arises because of an increase in the structure proper to the organ concerned. But we found that the rate and degree of this growth is the same whether it is induced at a time of life when the organ is growing rapidly or is not growing at all, so that in this case the factors that determine general organ growth are inoperative (1) . However all growth, this particular form as well as growth under ordinary conditions, is accomplished through the processes of protein anabolism. Now the rate of protein anabolism and of growth in the organs can be varied by changing the amount of protein consumed as food. It is inhibited by diets with a low protein content and in all organs except the kidney there is a maximum rate of protein anabolism and growth at medium levels of protein consumption and a decline when the protein intake is still further increased (2) . And so the question we are here concerned to answer is whether the special growth that follows removal of half the total mass of the kidney, suprarenal, and ovary is also dependent on the quantity of protein in the food. Does this growth occur even when there are no adequate supplies of amino acids coming from the alimentary tract so that anabolism must be effected at the expense of the degradation of protein elsewhere in the body? Or is it in this respect like growth in general, inhibited when the supply of food protein is insufficient for total body needs, with an optimum at a certain level of intake and a decline beyond this point? The growth of the uterus and embryos at the expense of the mother (3), the growth of a cancer in a starving patient, or, to come nearer to our present subject matter, the growth of the remaining fraction of liver after removal of two-thirds of that organ observed by Rous and McMaster (4) in fasted rats, all these instances indicate that the first alternative is a possibility.
Methods
Female rats, reared on a diet containing 18 per cent of protein, were operated upon when they were 70 days of age. From half of them one kidney, one suprarenal, and one ovary were removed, while in the other half these organs were exposed but not removed. Alternate right and left organs were excised so that on the average the total organ mass was reduced to 50 per cent of its original amount. The effect of seasonal variation was eliminated by operating on the experimental and control groups on the same day. After the operation the animals were given diets that contained 1, 9.5, 26.5, and 56.5 per cent of protein. Their composition is given in Table I .
The rate and degree of growth in the remaining organs was determined by killing groups 5, 20, and 40 days after the operation. There were in all 24 groups, 12 experi- mental and 12 control groups, each consisting of from 19 to 24 animals. We started with a larger number but in order to escape the error inherent in any method of correcting for differences in body weight between experimental and control groups we rejected the heavier animals from the lighter group and the lighter animals from the heavier group until both the experimental and the corresponding control groups had the same average body weight. The body weights given in Table II thus refer to both experimental and control animals. This is also true of the measurements of protein consumption since there were no appreciable differences in the quantities eaten by the experimental and control animals. The average weight of the remaining organ is given for the experimental groups and the average weight of both organs for the control groups. The growth of the remaining organ is measured by the degree to which its weight exceeds 50 per cent of the weight of both organs of the controls. For if no growth had occurred its weight would still be 50 per cent of the control value. If complete restoration had occurred it would be 100 per cent of the controls. The actual position between 50 per cent and 100 per cent represents the relative growth that had taken place over the given period.
RESULTS
When the growth of the remaining kidney, suprarenal, and ovary relative to the controls as given in Table II is plotted against time on these four levels of protein consumption, we obtain curves that in essentials are alike. In all organs under all conditions there is a rapid rate of growth up to 5 days after the reduction of organ mass, a rate that is independent of the protein intake. But after 5 days on the 1 per cent protein diet the growth of the remaining kidney, suprarenal, and ovary stops. With all the other diets growth continues at a diminishing rate without any clear evidence of dependence on the quantity of protein consumed. This general result is shown in Fig. 1 in which the combined average growth of all three organs is given. Fig. 1 shows that for a short time this form of organ growth can occur when there are almost no protein supplies and the body as a whole is rapidly losing weight. But what we measure here is growth relative to the controls, not absolute growth. Absolute growth on the 1 per cent protein diet can be determined with little error by calculating the kidney weight at the time of operation from the formula Kidney weight = 20.18 body weight °'m + 6.1 since at that time the animals were under the same conditions as those from which the formula was derived (5) . When this is done it is found that the single kidney 5 days after operation had gained 49 rag. while during this period the intact kidneys of the control group lost 137 mg. Absolutely therefore as well as relatively, some restoration of lost organ tissue can be effected even under conditions that lead to atrophy of the whole organ mass. Rats maintained for 10 days on a 1 per cent protein diet before the kidney, suprarenal, and ovarian tissue was reduced to 50 per cent of the original value, show a reduction in organ growth and a cessation of organ growth 2 days after the operation when the low protein consumption is continued.
The fact that a diet almost free from protein stops growth after 5 days but has no effect up to that time suggests that the initial independence may arise because, in animals that have had a sufficient supply of food protein up to the day of operation, there may be internal supplies of protein available for growth, supplies that after 5 days on a low protein diet have disappeared because they have been used. If that were the case growth should be slowed or stopped even during the first few days after the operation if the organs were removed from rats in which this hypothetical supply of protein had been already removed by subsistence on a 1 per cent protein diet.
We therefore repeated the 1 per cent protein experiment on 70 day old rats that had been kept for 10 days on this diet before operation, measuring the rate of growth relatively to control rats subjected to the same conditions. Observations were made 2 and 5 days after operation. The results are given in Table III and the combined curve for the three organs in Fig. 2 . Fig. 2 show~ that in our first experiment the fact that as much growth was attained in 5 days on a 1 per cent protein diet as on diets that contained adequate protein concentrations is not proof of a complete independence of protein consumption. For this growth depends on the protein taken before the operation, since in this second experiment we find that the increase in the weight of the kidney, suprarenal, and ovary is halved, and that after 2 days growth altogether stops when the operation is performed on animals whose protein supplies had already been depleted by a low protein and ovary left after removal of one of each of these organs is the same up to 5 days after the operation.
2. On a 1 per cent protein diet there is no growth of the remaining organs after the first 5 days.
3. On diets containing from 10 per cent to 57 per cent of protein there is no definite relation between the level of protein consumptio~ and the rate and degree of growth from 5 to 40 days after the operation.
4. When rats are given a 1 per cent protein diet for 10 days before the operation a continuation of this diet reduces the initial growth of the remaining organs and leads to a cessation of growth after the first 2 days.
